This study investigated the effects of a low-voltage ohmic heating process (2.5 and 3.8 V/cm) on the thawing characteristics and NaCl diffusion of pork. The thawing rate of pork was dependent on the applied voltages and brine salinities, and few differences were obtained in pork quality parameters (color, water-holding capacity, and shear force) regarding the different treatments. The NaCl concentration of pork after ohmic thawing was higher than that following brineimmersion thawing, however, the NaCl diffusion did not differ from when fresh meat was immersed in brine. For application of the ohmic process in fresh pork, various ohmic pulses were generated in order to prevent the meat from overheating, and the results indicated that the ohmic process was a better way to enhance NaCl diffusion compared with immersing pork at high temperature. Although the mechanisms involved in NaCl diffusion at low-voltage electric field strength were unclear, the present study demonstrated that the ohmic process has a potential benefit in the application of meat processing.
Introduction
The ohmic process has been commercially applied in the food industry as a heating technology. Although this process has associated faradaic and corrosion problems, it recently attracted considerable attention as a new research subject (Stancl and Zitny, 2010) . In contrast to other electro-techniques, the ohmic process is easy to control and simple for commercial scale-up. According to Ohm's law (Q = VI = I 2 R), resistive heat Q is generated by the passage of an electric current I, and the heat is calculated by the relationship between the voltage gradient and electrical conductivity (Q = ∆V 2 σ) (Lewis and Jun, 2012) . Since electrical conductivity is proportional to temperature, resistive heat generation during the ohmic process increases with increasing mass temperature, resulting in very rapid heating.
The ohmic process is energy efficient and has the advantage of producing a uniform heat distribution inside food items (McKenna et al., 2006) . In particular, the energy efficiency of the ohmic process enables the process to inactivate enzymes and microorganisms, including spores (Kaküb et al., 2010; Somavat et al., 2012) . Alternatively, resistive heating might be used as a thawing technique. In our previous study, the ohmic process was employed as a meat thawing technique (Hong et al., 2007) . Directly passing current to a frozen meat surface provided rapid thawing, and the thawing rate of pork showed an exponential increase with increasing voltage. However, there was strong evidence of lipid oxidation and protein denaturation under the electrode-contact-type ohmic process, whereas the brine-immersion-type ohmic process minimized quality changes compared with a fresh control. Nevertheless, brine immersion (0.9% NaCl) manifested some quality changes, such as water-holding capacity and shear force, possibly due to moisture transfer between meat and brine.
Considering the quality of frozen meat, a thawing method that affects the physicochemical properties of meat is inappropriate; nevertheless, mass transfer between meat and brine is inevitable. On the other hand, Kulshrestha and Sastry (2003) postulated that ohmic treatment enhanced mass transfer in the system. From the mass transfer perspective, brine in the ohmic process can be used not only 
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as a current conducting medium but also as a meat-salting ingredient, and it can decrease the processing time required by separate thawing and salting processes (Grau et al., 2011) . In the present study, therefore, the effects of brine salinity and voltage on the thawing characteristics of pork were estimated, and the NaCl gain of pork treated by various ohmic processes was explored under a low electric field strength.
Materials and Methods
Sample preparation Pork loin (m. longissimus dorsi) was obtained from a local abattoir 48 h post mortem. Meat was trimmed of all visible fat and connective tissue, and then, it was cut into rectangular pieces (3 × 4 × 6 cm) from the inner muscle parallel to the fiber direction. A thermocouple probe was inserted into the geometric center of the meat samples. Meat samples were wrapped with plastic film to prevent evaporative losses. Some samples were frozen at -30 o C for 24 h, and the others were kept at 4 o C in a refrigerator. For the ohmic medium, brine solutions with different salinities were prepared by dissolving the desired amount of NaCl in distilled water (0-2% NaCl, w/v).
Ohmic device
A homemade ohmic device, as described in our previous study (Hong et al., 2007) , was employed to evaluate the ohmic process (Fig. 1) . In brief, the ohmic device was made up of a resistive cell (500 mL working volume and 8 cm distance between electrodes), a temperature recorder (MV 104, Yokogawa Co., Japan), and a power supply (ACP1010, ACP Power Korea Co. Inc., Korea), and the voltage applied between electrodes was monitored by connecting a multimeter. Brine was stirred during ohmic operation using a low-speed magnetic stirrer (60 rpm). Temperature changes as a function of time during the ohmic process were acquired from the sample core and medium. All ohmic treatments were conducted at a frequency of 60 Hz and at constant voltages of 20 or 30 V, which corresponded to electric field strengths of 2.5 and 3.8 V/cm, respectively. All ohmic treatments were conducted in a 4 o C refrigerator.
Ohmic thawing
The resistive cell and brines were tempered at 4 o C overnight. Frozen pork was attached to a sample holder in the resistive cell, and thermocouples were connected to the recorder. Cold brine (400 mL) was poured into the cell, and pork thawing was initiated by applying the desired voltages (20 and 30 V). When the sample core temperature reached 1 o C, the voltage was cut off and the pork was kept at 4 o C prior to analysis.
Instrumental color
The pork surface color was monitored using a color reader (CR-10, Konica Minolta Sensing, Inc., Japan) calibrated with a white standard plate (L* = 97.83, a* = -0.43, and b* = +1.98). CIE L*, a*, and b* values were determined as indicators of lightness, redness, and yellowness, respectively. The sample was kept at ambient conditions for 10 min, and six measurements were performed randomly from the surface of the sample.
Shear force
The pork sample was vacuum-packed using a poly nylon pouch, thermally treated in a 75 o C water bath for 20 min, and cooled in ice/water for 15 min. The meat was tempered at ambient conditions for 1 h, and two strips (1 cm in diameter and 6 cm long) subjected to each treatment were cut parallel to the longitudinal orientation of muscle fibers. Meat strips were sheared using a digital gauge (DPS-20, IMADA Co., Japan) at a head speed of 60 mm/ min. Shear force was determined three times for each strip.
Moisture content
The moisture content of the pork was determined in triplicate by AOAC (1990) . Approximately 1 g of pork was weighed and dried at 105 o C for 24 h. After drying, the meat was weighed and the moisture content was Fig. 1 . Schematic diagram of the ohmic apparatus. Resistive cell had a working volume of 500 mL, and the distance between electrodes was 8 cm.
